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Various types of human stratum corneum (sheets or callus) 
were exposed, in parallel and perpendicular geometry, to the 
high flux of X rays produced by a synchrotron radiation 
source. Under these conditions, very clear and rich diffrac-
tion patterns, corresponding to the supramolecular organiza-
tion of stratum corneum proteins and lipids, were obtained. 
The comparative study of normal or delipidized stratum cor-
neum sheets and membrane couplets allows one to attribute 
certain diffraction features to lipids. Our results in the 3-7-
nm range show two different distances for lipid bilayers. 
Concerning the protein nature of normal stratum cor-
S tratum corneum (SC) , the outermost layer of mammalian epidermis, acts as a mechanical, thermal, and chemical barrier. It controls the diffusion of chemical substances in both directions and its misfunction may have dramatic consequences. Surprisingly, knowledge of the SC struc-
ture, although markedly improved over the last years, is sti ll rela-
tively poor compared to its important functions. In short, the SC 
consists of flat cells (corneocytes) that are separated by an intercellu-
lar matrix. The corneocytes are mostly filled with keratin filaments 
lying parallel to the corneocyte and embedded in an interfilamen-
tous protein material. Their membrane is doubled inside the cell by 
a protein envelope. The intercellular matrix is mainly composed of 
lipids, orgamzed mto bdayers that have been postulated both to 
account for the permeability properties ofSC and perhaps to assure 
the cohesiveness between corneocytes [1,2]. 
Recently, considerable work has been dedicated to the description 
of these intercellular spaces . It mainly concerns the biochemical 
analysis of the lipids present in this specific region [3 ,4] and their 
supramolecular organization as observed by transmission electron-
microscopy (TEM) [5,6]. The function of the intercellular spaces 
has also been investigated . As an example, the diffusional properties 
of water or labeled compounds through the SC layer has been dis-
cussed in relation to the phase transitions occurring in the intercel-
lular lipidic mixture when a SC sample is submitted to linear heat-
ing [7] . 
These results have recently been reviewed by Potts [8], who noted 
Manuscript received February 6, 1990; accepted for publication July 26, 
1990. 
Reprints requests to: Dr. J.-L. Leveque, Laboratoires de Recherche de 
l'Oreal, 1 Avenue Eugene Schueller, 93600 Aulnay-Sous-Bois, France. 
Abbreviations: 
C/M: chloroform-methanol extracted 
Hex: hexane extracted 
LURE: Laboratoire d'Utilisation du Rayonnement Electromagnetique 
SAXD: small-angle X-ray diffraction 
SC: stratum corneum 
W AXD: wide-angle X-ray diffraction 
neum, the results show that keratin would occur in the f3 
form, whereas for callus it is in the a form. Indeed, normal 
stratum corneum sheets never display the 0.514-nm charac-
teristic of a keratin. This result means that the supramolecu-
lar organization of keratin could depend on the keratiniza-
tion process. 
Finally, our studies also confirm the presence of a still-
unknown protein component existing in the f3 form that 
would be located either inside the corneocytes or in some 
dilatated zones of the intercellular spaces. J Invest Derma to! 
96:43-49, 1991 
some still-unsolved problems. The first question concerns the actual 
molecular arrangement of SC keratin (a helix vs fi-pleated sheet), 
which seems more and more dubious. The second puzzling question 
concerns the nature and localization of the so-called "unknown 
component," probably a protein, found by White in mouse stratum 
corneum [9]. A third problem concerns the relationship between the 
spatial organization of the multilamellar lipids (as observed in the 
latest works by TEM of human stratum corneum sheets or mem-
brane couplets, [5, 1] and [Swartzendruber, Grayson]) and the deter-
mination of the inter-reticular distances corresponding to the SC 
diffraction patterns. 
X-ray diffraction is the most appropriate technique to explore the 
architecture ofSC at the molecular scale. Since the first X-ray stud-
ies performed by Swanbeck [10], attention has been paid mostly to 
keratin rather than to lipids. Nevertheless, a few works have been 
devoted to the SC lipids [1 1-13]. The most recent one, by White et 
al [9], represents an important contribution to the knowledge of the 
lamellar lipids of murine SC. A model of the lipid architecture has 
been presented and the existence of an unknown component in-
ferred from the comparison between · several X-ray patterns ob-
tained at various temperatures (intact SC, envelope-lipid com-
plexes, lipid extracts). 
The present study has been initiated under conditions that led to 
new results. 
First, we have used oriented samples of human SC, revealing the 
orientation of the diffracting components, whether parallel or per-
pendicular to the SC sheet. . 
Secondly, by using a synchrotron radiation source, we have ob-
tained better patterns. Its high intensity beam, low background, and 
high spatial resolution are three important factors for the improve-
ment of the quality of an X-ray pattern. 
MATERIALS AND METHODS 
Sample Preparation 
Human Stratrmr Comeum: In order to provide sheets of stratum 
corneum, epidermis was heat-separated from pieces of fresh human 
0022-202X/91/S 03.50 Copyright © 1991 by The Society for Investigative Dermatology, Inc. 
43 
44 GARSON ET AL 
0.415nm· 
. THE JOURNAL OF INVESTIGATIVE DERMATOLOGY 
m 
t 6.5nm 
4.0nm 
1-· \ 
3.35nm 
Figure 1. X-ray patterns of normal stratum corneum sample. ~· WAXD patter_n in ..L geometry (sample-film distanc~: 85 mm, A= 0.1553 nm) . Here the r 
X-ray beam is perpendicular to the SC plane. In th1s case, ddfract10n patterns are rmgs or broad bands; b, W AXD pattern m I I geometry (sample-film d1stance: 
75 mm, A= 0.1553 nm). Here the X-ray beam is para llel to the SC plane. Diffraction features are rings, bands, or arcs. Their localization on the meridian {m) 
or on the equator (e) depends on the orientation of the diffracting structure relatively to the SC plane (see text); c, SAXD pattern in I I geometry (sample-film 
distance: 465 mm,}, = 0.1608 nm). With such a sample-film distance, the central diffracting features are expanded. 
skin obta ined from plastic surgery (breast or abdomen) and treated 
by trypsin [14, 15) at room temperature. Trypsin (Prolabo, Paris, 
France) was used at 0.05% in 0.05 M TrisiHCI buffer, pH 7.9, for 
60 min. In this treatment, the skin is heated at 56oC in distilled 
water, in a water bath, for 2 min. Other samples were obtained from 
epidermis separated from the dermis after exposure to ammonia 
vapor [ 15) at room temperature. The callus was directly cut from the 
palm of a volunteer by using a razor blade. 
Membrane Couplets: The stratum corneum membrane couplets 
were prepared according to the method of Manabe [16), slightly 
modified as follows: a sonication of the preparation in the final step 
las ted 90 sec, and enzymes were trypsin, chymotrypsin, and pro-
nase, but cathepsine was not used. 
W e obtained a white powder after lyophilization. There was no 
evidence of residual cytoplasmic material or desmosome remnants 
on transmission electronmicroscopy. 
Lipid Extraction Lipids were extracted by either chloro-
form: methanol (2: 1) or hexane for 6 h under moderate stirring. 
X-Ray Diffraction St1-1dies: X-ray diffraction patterns were obtained 
by exposing a sensitive film (Kodak DEF-5) to the X-ray beams 
diffracted by a SC sample. The incident beam (0.5 mm width) is 
"reflected" by the stacks of reticular planes with an angular resolu-
tion of 0.03 o. 
The diffraction angle 28 (angle between the incident and dif-
fracted beam) is related to the equidistance d of the reflecting stack 
of planes by Bragg's formu la 2d sinB = A, where A is the wave-
length. For experimental reasons, it is not convenient to record the 
whole diagram covering small-angle and wide-angle diffracted 
beams with the same device. According to the range of thts angle 
and the corresponding device, we obtained a "small angle X-ray 
·diffraction" (SAXD) or "wide angle X-ray diffraction" (WAXD) 
diagram. 
In our experiments, the X-ray source was the Synchrotron source 
of the LURE Center (University of Paris-Sud), which is about 20 
times more intense than a conventional beam with a divergence 
about 5 times smaller. The wavelength of the radiation is 
0.1553 nm (W AXD) or 0.1608 nm (SAXD). Exposure time varies 
from20 - 60 min, according to the experiment (WAXD or SAXD). 
The stability of our samples was checked by alternating short and 
long exposures. 
Two different devices were used to record the diffraction pat-
terns: a class ical wide-angle X-ray diffraction device (W AXD). The 
film is perpendicular to the direct beam and its distance to the 
sample varies from 50 - 125 mm in order to record patterns corre-
sponding to reticular distances within the range of 0.2. to 7 nm; and 
a small-angle X-ray diffraction device (SAXD) working with a 
sample-film distance F = 465 mm, allowing it to reach reticular 
distances between 2 and 20 nm. 
All experiments were carried out at room temperature and humid-
ity (22 ± 2°C, 45 ± 5% relative humidity) . 
Sample Presentation An original aspect of our study is based on 
the easy use of oriented samples. A few layers of SC (2-16) are 
stacked and the SC sheets are then oriented either parallel to the 
X-ray incident beam (abbreviated as I I geometry) or perpendicular 
(.l geometry). In parallel geometry, the SC plane is parallel to the 
meridian. 
The sheets of SC (5 X 15 mm2) were kept flat by fixing their 
extremities on a sample holder. The path length of the beam 
through the sample is roughly 150 /).m for an incident beam in 
perpendicular geometry and varies from 3- 5 mm in the parallel 
geometry. 
RESULTS 
General Characteristics of X-ray Patterns Examples of intact 
SC patterns are given in Figures 1a, b, and c. Figure 1a corresponds 
to a WAXD pattern obtained in .l geometry; Fig 1b and c, to 
patterns obtained in I I geometry, respectively, with a WAXD and 
SAXD device. 
A striking characteristic of these figures is the coexistence of a 
variety o~ diffracted beam types: sharp diffraction rings or arcs, or 
even mdtvtdual spots, as well as broad or diffuse bands. These 
various types of diffracted beams reveal different underlying struc-
tures . 
A second characteristic is the variability of the patterns from one 
sample to another and even from one site to another for a given 
sample. This variability concerns both the relative intensities of the 
scatterin~ features (up to the disappearance of several features) and 
thetr pos1t1ons, wluch can be shifted up to about 0.01 nm in the 
0.4-nm regwn and up to 0.05 nm in the 3.0-nm region. This led us 
to repeat our experiments (up to about a dozen times) in order to ger 
a reliable insight into the scattering features. It happened that a 
single ring was replaced by two neighboring rings. This proves the 
non-uniformity of the structures at the millimeter scale. This behav-
ior is consistent with the existence of domains of closely related but 
not identical structures. 
A third characteristic is the sharpness of certain diffraction rings, 
which is remarkable for biologic compounds and indicative of crys-
tallites larger than 0.3/).m (no broadening was detected with the 
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Table I. X-Ray Scattering Features of Human Stratum Corneum 
Lipid 
Group• Extractionb d(nm) Average Location Aspect Intensity' 
A// > 12.5 Eq,~atorial Diffuse zone VS 
A// 12.5 ± 0.2 VS 
A// 8.6 ± 0.1 vs 
B// C/M 6.5 ± 0.05 Equatorial Broad arcs 
Bjj C/M 4.5 ± 0.05 " 111 
B// C/M 2.26 ± 0.04 " 
B// C/M 1.4 ± 0.03 w 
C// Hex 4.2 ± 0.05 Sharp arcs w Hex 4.0 ± 0.05 " C// 
D// C/M 3.35 ± 0.05 Eq,~atorial Sharp arc vs 
D// C/M 1.68 ± 0.03 " 
Djj 0.83 ± 0.02 
D// 0.415 ± 0.008 w 
E// 0.94 ± 0.02 Equatorial Sh~rp arc VS 
E// 0.47 ± 0.01 " 
E// 0.315 ± 0.005 w 
Fjjl.. 0.465 ± 0.01 Meridional re inforced Continuous sharp ring 
Fjjl.. 0.415 ± 0.008 " vs 
Fjjl.. C/M 0.412 ± 0.008 vw 
Fjjl.. 0.375 ± 0.005 
Fjjl.. C/M 0.34 ± 0.005 vw 
Gjjl.. C/M 0.62 ± 0.02 M;,ridional but nearly isotropic Sharp dotted rings vw 
Gjjl.. C/M 0.58 ± 0.01 " 
Gjjl.. C/M 0.535 ± 0.01 w 
Gjjl.. C/M 0.52 ± 0.01 w 
Gjjl.. C/M 0.50 ± 0.01 w 
G//1.. C/M 0.485 ± 0.01 w 
Gjjl.. C/M 0.395 ± 0.005 w 
Gjjl.. C/M 0.35 ± 0.005 w 
G//1.. C/M 0.335 ± 0.005 w 
H//1.. 0.465 ± 0.01 Meridional Dotted arcs plus discrete Braggs spots 
Hjjl.. 0.45 ± 0.01 " 
Hjjl.. 0.34 ± 0.005 w 
Hjjl.. 0.31 ± 0.005 w 
Hjjl.. 0.305 ± 0.005 w 
Hjjl.. 0.25 ± 0.005 
I//1.. 0.95 ±Isotropic Broad band 
I jjl.. 0.45 Isotropic " 
J/1 1.40 Equatorial Little sharp arcs 
J/1 0.70 " " 
J/1 0.35 
• I I or l. according the relative position of the X-ray beam and the sa mple. 
b C/M feature deleted by chloroform/ methanol extraction. Hex feature deleted by hexane cxtration. 
c Intensity, vs = very strong, s = strong, w = weak, vw = very weak. 
high-resolution beam). This evaluation is given by the Scherrer 
formula, which links the size of the diffracting crysta llites to the 
width of the diffracted beam [ 17]. 
The fourth characteristic, fundamental for the understanding of 
SC architecture, is the anisotropy of the parallel geometry patterns. 
In parallel geometry, the equatorial features reveal the order perpen-
dicular to the SC sheet. On the meridian, scattered features reveal 
the organization within the SC plane. 
In perpendicular geometry, only the organization within the SC 
plane gives isotropic bands or rings , according the degree of crystal-
linity. Based on the above results, one is able to characterize the 
orientation. 
Description of the X-ray Patterns The list of scattering fea-
tures is given in Table I with the reticular distances (d), intensities, 
and associated locations. We found it convenient to classify them 
into distinct groups (A to J) presenting common characteristics, 
mainly location and aspect. 
The diffraction data of Table I result from the compilation of 
various experiments. They correspond to diffraction features that 
are not always simultaneously visible on the same film. 
Only the most intense one.s are always present. The reported 
errors on the d values are bas1cally due to the fluctuations of the 
values from one sample to another, whereas the errors of measure-
ments are about three times smaller. 
Gro~1ps A~ B, C, D, E, and J are located on the equator and are thus 
only VISible 1n geometry I j. Groups F, G, and Hare visible both in 
I/ geometry (meridian. a:cs) and in _L geometry (isotropic rings) . 
Group I contams two d1ffuse broad scattering bands that are visible 
i11 both geometries. The band at 0.45 nm extends from 0.48 nm 
down to 0.38 nm. The band at 0.95 nm, which extends from 
1.07 nm down to 0.83 nm, is not quite isotropic (Figs lb and 2b). 
Different patterns are obtained according to the lipid extraction 
process. A significant modification is observed for CIM extraction 
(Fig 2a,b). Some pattens, identified with a CIM in Table I, disappear 
after such a lipid extraction (Fig 2a,b). Groups A, E, I, and J are still 
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Figure 2. X-ray patterns of delipidized stratum corneum sample. a, 
W AXD pattern in j_ geometry (sample-film distance: 85 mm, J. = 
0.1 553 nm). Three rings probably due to bound lipids are still present, b, 
W AXD pattern in I I geometry (sample-film distance: 95 mm, J. = 
0.1553 nm). In this parallel geometry, the unknown component at 0.94 nm 
appears as a sharp arc superimposed to the keratin broad band. 
present, as well as most intense features of groups F and H. The 
main difference arises from the elimination of B, C, and G groups. 
In hexane extraction (Hex), only the group C disappears. 
Couplets The membrane patterns are quite different from the 
previous ones . The inner part exhibits several rather broad rings 
(group K), and the outer part (group F'), which is composed of 
F-group features plus a few others of the same type, correspond to 
reticular distances below 0.31 nm (Table II, Fig 3a) . Lipid extrac-
tion in couplets (C/M) weakens the rings' intensities and shifts their 
positions. Rings at 0.457 and 0.417 nm of group F still remain, 
whereas new rings appear at 2.52, 1.67, and 0.96 nm (Fig 3b). 
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Table II. X-Ray Scatering Features of Membrane Couplets 
Group CIM• d(nm) Aspect Intensity1 
K y 5.65 ~~g vs y 3.11 vs 
y 2.29 
y 1.76 vw 
y 1.42 w 
y 1.20 vw 
y 0.92 w 
F' 0.457 R~~g w 
0.417 vs 
y 0.375 
y 0.336 vw 
y 0.309 vw 
y 0.297 vw 
y 0.250 vw 
y 0.220 II vw 
' Y, feature deleted by chloroform/ methanol extraction. 
1 Intensity, vs =very strong, s =strong, w =weak, vw =very weak. 
DISCUSSION 
The existence of several distinct scattering systems in SC can be 
inferred from the comparison between the patterns as summarized 
in Tables I and II. The interpretation of these complex patterns will 
be discussed in terms of the main components of human SC, protein 
material (keratin and others), and lipids. 
Keratin The very strong equatorial diffuse features A and the 
strong diffuse bands I (at 0.95 nm and 0.45 nm) are common fea-
tures to SC and lipid-extracted SC, but are absent from membrane 
couplet patterns . It is reasonable to attribute them to structural ele-
ments associated with the protein matrix of corneocytes. These 
diffuse bands of group I are typical· of "soft" keratin, which is the 
generally accepted term for skin keratin [18]. 
We recall that, according to the classical work of Astbury per-
formed with hair-type keratins [ 19], a keratin is characterized by 
the following features: two arcs at 0.98 nm and 0.514 nm, repre-
senting, respectively, the inter a-helix distance and the pitch of the 
a-helix (3.6 amino acid residues). Such keratin features have not 
been observed by White [9], probably .due to experimental condi-
tions that were not optimized in the range (0.4-1.0 nm), unlike in 
our experiments. 
The most striking result of the present study is the total absence of 
the 0.514-nm meridional arc in the diagrams we obtained. 
Moreover, an accurate study of Fig 1b by means of densitometry 
shows a small but significant anisotropy of the 0.95-nm band in I I 
geometry, which is not in favor of the a structure. Indeed, the 
meridional and equatorial maxima of the diffuse band are, respec-
tively, located at 0.96 nm and 0. 93 nm. An independent experimen-
tal confirmation is given by the diagram of ..L geometry. The corre-
sponding perfectly isotropic ring corresponds to d = 0. 93 nm. Both 
values are smaller than that attributed to the a structure (0.98 nm). 
This might be interpreted by assuming a keratin form close to the P 
form, which, according to Fraser and McRae, would correspond to 
the following cell parameters: a= 0.97 nm, b = 0.66 nm, and c = 
0.94 nm [20] (Fig 4). Parameter a corresponds to the intersheet 
distance and c to the distance between chains of a given sheet. The 
plane of the P sheet would be perpendicular to the SC plane. 
An important fact is that our X-ray patterns, performed on 
human callus SC (Fig 5), indeed exhibit scattering features typical of 
the a helix form (broad band at 0.98 nm and sharp arc at 0.51 nm). 
Such conflicting results between "normal" stratum corneum and 
callus might be in favor of the suggestion of a change in keratin 
nature during the sample preparation process. This is ruled out by 
the similar patterns (not presented here) obtained with stratum cor-
neum from epidermis isolated through different processes (heat or 
ammonia vapor). Moreover, we have checked that a callus heated at 
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Figure 3. W AXS patterns of a, normal membrane couplets (sample-film 
distance: 75 mm, A= 0.1553 nm), b, dclipidizcd membrane couplets (sam-
ple-film distance: 75 mm, A = 0.1553 nm). The ring at 0.417 nm would be 
due to bound lipids. 
56°C for 2 min (as in the sc preparation) still displays an a keratin 
pattern. 
A general survey of the literature dealing with this question 
shows us that the generally accepted model of a structure for the 
human SC keratin has been based on studies carried out on particular 
SC, i.e., human soles and palms [21] stretched epidermis [22] , callus 
(23], or in vitro reconstituted stratum corneum [24] (see Table lli) . 
These results show that SC keratin structure is variable according to 
its origin and env ironment. Our results indicate that, for common 
SC, it would be close toP-pleated sheet, whereas for ca llus type it 
would be a helix type. That mea ns that keratinization ofSC would 
induce one form vs another (a vs p). A conversion from a-keratin to 
P-keratin induced by stretching the fibers has been known since 
1931 (19] . For epidermis, a complete explanation of these opposite 
and puzzling observations is still unclear. 
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The equatorial features (group A), at the limit of our experimen-
tal resolution, have been noted by Swanbeck [10]. One of them 
(8 .6 nm) could be consistent with the diameter of keratin filaments 
(18). Any features of this group A can correspond to the 13-nm ring 
observed by White [9] and attributed to lipids . 
Unidentified Component The existence of a second structured 
component is brought out by E equatorial reflexions {harmonic 
components at 0.9411 , 0.9412, and 0.9413 nm), which are not sen-
sitive to lipid extraction. 
By using our device, which allows us to orient the SC samples 
relative to the X-ray beam, we are able to infer the orientation of 
this component relative to the SC plane. From the equatorial charac-
ter of the sharp arcs of groupE and the absence of diffracted features 
in the diagrams of .l geometry at the same values of d, we can state 
that the stacking direction is perpendicular to the SC plane. We will 
examine now whether the available experimental information can 
provide evidence about the spatial localization of this component 
within the SC. 
W e note first the reflection sharpness, which, according to the 
Sherrer formula, is only compatible with domain size 2: 0.3 J..lm, 
i.e., larger than the normal intercellular spacing. 
On the other hand we report their absence from our couplets 
patterns, unlike the observations of White for mouse stratum cor-
neum (9] . These two observations are in favor of an intracorneocyte 
origin of group E. It could be located, for instance, in the intedila-
mentous corneocyte matrix space, which is known to contain pro-
teins displaying, at least partially, a P-pleated strucrure [25]. Mean-
while, other origins cannot be ruled out, such as the intercellular 
domains at dilatated zones where desmosome remnants are. It is 
worth noting that no desmosome remnants can be observed in the 
membrane couplets. 
The identification of this component is still unclear. It could be a 
P-pleated sheet protein, as assumed in (9], because the value 0. 94 nm 
is typical of the interchain distance of a given P-pleated sheet [20]. 
W hatever the nature and localization of this unidentified compo-
nent are, the sharpness of its diffraction arcs and the localization on 
diagrams in .land I I geometries bring new structural elements that 
have to be taken into account. 
Lipids The wealth of the gathered data reflects the complete 
characteristics of X-ray patterns of a SC sheet (Table I) . The coexis-
tence in the overall SC of a large variety of diffracting components, 
as well as the variability of the obtained patterns, are particularly 
striking for the lipidic components. Thus, the sharpness of certain 
arcs and dots and the observed orientation diffraction diagrams shed 
new light on this complex field. 
The difference between SC and lipid-extracted SC patterns leads 
us to attribute scattering groups B, C, D, F, and G to lipids. 
Among the various arcs appearing in these different groups, the 
B, C, and D arcs correspond to layer refl ections (distances between 
3.35 and 6.5 nm or 33.5 to 65 A). Our experimental conditions 
(oriented samples) allow us to state that these layers are predomi-
nantly parallel to the SC plane, as firstly pointed out by Elias [4] . 
Group B is representative of the diffraction pattern of the more 
polar fraction of SC lipids (ceramides). The reticular distances (6.5 
and 4.5 nm) are typical of the thickness of lipidic bilayers. 
A recent study has shown that the layered structure of intercor-
neocyte matrix was made of a succession of broad and narrow bands 
(5]. It is tempting to attribute to these bands the two equatorial 
broad arcs of group B, located at 6.5 and 4.5 nm, respectively. This 
hypothesis is strengthened by the fact that the diffraction pattern of 
ceramide 1, which is one of the six SC cerarnides, displays a sharp 
ring corresponding to a 6.3-nm thick bilayer (authors' observa-
tions). 
Our results do not confirm the existence of any structure corre-
sponding to a 13-nm periodicity, as found by White on mouse SC 
[9] . Moreover, in the White model , the two bilayers have the same 
thickness. According to our resu lts, polar lipids would have a double 
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1-;1 = 0.97 nm 
lbl = 0.66 nm 
I-.e I 0.94 nm 
Figure 4. Model of the P-pleated sheet structure and relative orientation 
with respect to SC sheet. 
organization made of thin 4.5 nm and thick 6.5 nm bila~ers, located 
either in different zones of the intercellular spaces or 111 the same 
zones but without any periodic alternance. This hypothesis is in 
good agreement with the broad- and narrow-bands model proposed 
by Swarzendruber et al (5]. 
The sharp equatorial reflections of group C and D could hardly 
originate from intercellular layered l_ipids. ~hese arcs.of very. strong 
intensity would originate from relatively duck domams ofb1g crys-
tallites located either inside or at the periphery of the corneocytes. 
The mean size of the zone generating such intense arcs is at least 
0.3- JJ.m thick, which would correspond to the mean thickness of 
0.415 nm 
0.98 nm 
Figure 5. Callus pattern in I I geometry (sample-film distance: 75 mm, 
}. = 0.1553 nm}; the features of a keratin (0.51 and 0.98 nm) are clearly 
displayed. 
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one corneocyte (from 0.3-0.7 JJ.m, according to Plewig and co-
workers [26]). This intracorneocyte localization for the C and D 
groups is strengthened by the fact that they are absent from the 
couplet diffraction pattern (Table II). Concerning the nature of the 
lipids, group C would correspond to neutral lipids (fatty acids, glyc-
erides) and group Dis representative of cholesterol (27]. 
With respect to the couplet pattern, it is worth noting that the 
various arcs of group B were transformed into the rings of group K. 
In fact, it can be shown that all the Krings can be precisely indexed 
with a two-dimensional rectangular lattice of periodicities of 3.72 
and 5.68 nm, indicating a rippled lamellar phase. But other inter-
pretations based on the deformation of the structure are possible. It 
would mean that the intercellular lipid architecture is modified by 
the separation process of the couplets. 
The outer arcs (F and G) correspond to reflections involving 
lateral molecular distances within a given layer. A precise indexa-
tion seems difficult without further experiments, but, for instance, 
the arcs at 0.415 and 0.375 nm, which do not completely disappear 
after delipidation, could be partly attributed to covalently bound 
lipids on the corneocyte membrane (28- 30]. 
CONCLUSION 
The present work describes new data obtained on the lipid and 
protein constituents of SC using X-ray diffraction experiments. In 
particular, the use of oriented samples reveals new structures of 
given orientation with respect to the SC plane. Moreover, the use of 
synchrotron radiation improves the resolution of the diffracting 
pattern and therefore provides more precision about the size of the 
diffracting components. 
Our study confirms that ceramides are localized to bilayers in the 
intercellular spaces and indicates that these bilayers are of two dif-
ferent thicknesses, 4.5 and 6.5 nm. Concerning cholesterol, our 
study shows that at least one part of it occurs in a well-crystallized 
form. A certain fraction of the more neutral lipids is located inside 
the corneocytes. 
Our results confirm the presence of an unidentified component 
previously suggested by White et al [9], but the equatorial character 
and the sharpness of the assigned arc suggest an intracellular localiza-
tion. 
Finally, the observation of an anisotropic ring and a slight but 
significant difference between the equatorial and meridional reticu-
lar distances , lead us to suggest revision of the universally accepted 
concept of soft a keratin. The available data are more consistent 
with a model resembling the structure of p sheets. 
Table III. Bibliographic Survey Concerning the Macro-
Molecular Organization of Keratin in Human Epidermis 
Nature ex VS p 
Authors of the Sample Configuration 
Rudall "Epidermin" ex form 
(1952)[24] 
Swanbeck Stratum Corneum 
(1959)[10] 
Baden and Bonar Human soles and palms ex form 
(1968)[21] 
Goldsmith and Baden Stretched a form 
(1969)[22] Epidermis 
Baden and Gifford • Blister tops ex form 
(1970}[23] • Callus a form 
Wilkes and Stratum Corneum ? 
Coworkers 
(1973}[11] 
Present work • Stratum corneum Pform 
• Callus a form 
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